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The inerenoing need for an sutombic voliege reulstor 
to meat the exnetiog reuudrments of Lieuetriel smc Le bare- 
tery mervloe hee led to innussrebie mttempt» to produes « 
Mevice Mifeh will tee, the terminal voltage Of om ol ternetor 
coustent as the loe4 is varied, If an sltermitor bes. its 
‘field current adjusted 20 i to mi ply rated valtmee at 
mo-load 91d reted frequency, the tereliel voltage decre.sve 
em raeletive or inductive loede ere nyplind ond inoren ome 
ae ehyecitive lords Bre ay. lied to the Meohine. In oprer te 
prevent thio the cenersted voltawe of the weWine must he 
sontralled by controlling the fleid eurrent to cupene te 
for the varlable impedance drey wud the varlablLe Gemamnetiy- 
ing erecta. 

The firet successful ettempte ot autometie esotrol of 
the terginal voliage of Slternetors vere wetle with ve ricur 
typea of vibreting cantect devtows wich Oe Bim iirrili Pege 
uletar, “* In méeition to their being relLeti¢ely elow tn 
responre te the cileneing loses, the dwteriomtilian by une 
of the scrvine jvrtie ond the neccesserr frermucnt ot junteent 
oie them uodesirrbie. It we oot unbil the erlé-vcuntrolle 
eeroury reetifier tubo me develope! thet *§ Wwele We *rworvle- 
eG for. Veproving the veltece roenivbor., sisectrepié veltenn 
remmlietore ~rowtlew yrwelienliy inetentendune Proenpohse & 1 
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‘The gas-filled triode or thyretrun i» the sort i yer- 
tant component of an electronic volteee ragmuletor. Its 
usefulness lies in its lon, conatast, interanl voltege drop 
ané the resulting high cireuit effieleney for lérge curreste, 
Uowever, the ionisetion OF the @in which permits thdé Lon 
drop also wrevents the contril =rid Trom stop ing the flows 
after it bee ones Keren, Therefore, the weusl opyliontion 
of thyretrone is on en elterneting current system where the 
periodic reversml of the ano¢e voltage permits delontvetion 
ona © chehce for the grid to regain esatrol, after cusrent 
fee cessed floving upon tie reversel of the envia Yoltews and 
pubsennent dé@iauniagtion, e nowetive Grid wili. prevent ite 
restarting even thoumh the auode hae aqgein become positive. 
It if possiole to opertte the eric of © tapmtrom tom « dire 
oot current supply, Wut to obtain aswoeth control, it is 
necesrery to us» firing cirenite stich oper te sielly or 
yartLeily from the some ah torus ting current supply used 
ror the qnode elreult. 

The becic parte of 6 Voltese raenistor or: 

(1) Volteowe-eemeltive circuit 
(*#) Control circuit 
(3) Thyretron cirenlt 


(4) antilating circuit 
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Probably the firet voltage sepeitive cireuilt ued in 
an Blectronic voltege requlstor wen the non-linear bridge. 
‘Thie bridge has been une tn savy forme, tut the most com 
on appenre to te the lowp brides, Thie Iv shown tn Pig. 
where ®, and Ry are tungeten lempe and 4, and 8, are earbon 
lemps. It operates on the principle thet the resietsuce of 
tunesten increrses with incressing tenpereture while the 
resistence of carbon decreases with incressing tesoemture, 








tnerefore there is only one value of applled voltage for 
mich the brides is balenced. ihe output voltege for an 
input lees then that required for balanee is out of Shase 
py 180° to the output for an input voltege greeter then 
the bulence value. This circuit hes been used gueceanfuiliy 
by eeiniend® end Benson®»’, 4 wariotion of this briaxe 
whereby linesr resistors replaces lampe in opyosite ares, 
as Ry and Rg, bas been used by uli? and itichiter!>, an- 
other type of non-linear brite eae used vy Shiteie ane 
Tacobeen* and is shown in fie.®, The values of the cir 
euit parameters were such that the outout me entrevely 
genaitive ot the value of volteme to be remuleted (LPO 
voite) a8 abowen in Fie. Ss 

Om) Lireen” feserivet enotlber tyhe of volleoge-res t- 
tive cireuit in which the terwlimei Vall ae of fhe -lLler- 


nator supplies voltese t*rouch a trevatoreer ww Wwe tune 
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Fig./- aaa cine LAMP BRIDGE 
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FIG. 2- NON-LINEAR BRIDGE 
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nye ae will be expleines iter. 
estes cag diony: Genial Witineks. bir Wpukiiititins Nis 
qride of thyratrons in volteme ragilytors using elteracting 
qurrent. 
(1) Phosw wlirt of the wrid voltage (ith reapeot to 
the snode voltage). 
(2) & Famed phoee alterneting voltage cuperinposed 
un a variable unidirectional volte. 
(5) Phe megnitude method ebich ia aenocieted with 
the Lemp bricee. 
The phase peirver usunliy connicte of © rendebenow- 








poseteues cireuvls, “hese onift is obtained by Yarylar the 
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is varied by ® unidireetions] voltege sropertiousl to the 
(ona thie is commonly deue) by the use of & exturebie re- 
“@etor whose onturation te Likewise controlled by » dlrect 
eurfen voltage similar to the sheve, Verieus pheew eon- 
trol ciraolts nro expleineé in papers by Cocereai™, crn’, 
my, Reich, Semin’, end eunete), 

Oveikreii® acecripes « fined Hic, pith « verienLe 6.0. 
cireult in which en eltermeting eurrent of Pleed saplitude 
from the nnodw supply ia made to log the snole voltogm by 
00° und the direet current bina is varies in sToportion to 
tha terminel voltage. As show in Fie. « tiie method per- 
mite control of the thyratron throuchbout the positive hwif 
of the cycle. At least one of the commercially |; rocuced 
volte@e reculetors 24 employs thie sethed of zrid cantrol. 

The output of the Loup bridge muy be oprliat directly 
te the erid of the thyratron and 190° out of @inew with 





the anode vVoltame, the firin vcine scoteruinese by the &- 
nitude of the erie voltece. thie is not deniressio (be to 
the Fact thet the «rid te control for only teif of the 
comlilve tall of the erele ep slown in "le. Sie). wih- 
lena” and Bene”? geet on AG eheoe ahift veteorme guny 
thet the eric voliews leeret the anode Volteen Uy on opfle 


sLimbtily lees them 120° and obteine?d @ gre*ter seeroe of 
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cc R CRITICAL GRID 
CHARACTERISTIC 


Fic. 4- GRID CONTROL BY Fixe A-C Aad 
VARIABLE Deo, SHAPED AREA INDICATES 
TURE CONDUCT (on. 





Fig. 5 (a) Fie. 5 (4) 
MAGANI TULE METHOD OF GRID CONTROL 
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control us shown in Fic. 5(b), weinkan®® eleo obtsined 
greeter mensitivity by using @ center-te;ved step-up trane- 
foruor ond controlling the eride of teo thyrtrone connact- 
eo oa o full wave reetifier. 

Tho thyretron clreuit consists of the anote eur ly 
voltagn, the thymtron tube of tubes “nd the lend, ainee 
@uch better control in obtained when the erie ans »note 
volteges mre from the pmme sources, tie (lteruetor aporliy 
Supplies the anode voltege. Sovever, the comerclAl ree- 
ulator described in reference 11 19 ©© @Rerytion ond usse 








a #eperste three-phase voltage cupyly and three thymtrans. 
Alternators ore usutlly apcited by @ ewll irect cur- 
rent oreiter whose rotor is cvupled to the altarmeteur shart. 
Tie lomé in this case is the field circuit of the erelter 
which requires » greet desl leap current then the «ltermetor 
field. Ginmcee the current mtineg of the tubet of © Coltage 
resuletor ig limited to o few aeperem, on evclter in & age- 
essity when raguletine the terminal voltcer of lore alter 
netere. The fleid current of the creiter or *i temnter 
say b6 controlled by connecting the output of the fepuletor 
cdisectiy sermons the Clela winding, tidivre or a ealne, or 
my be conneeted merous the field rheoatet®, 
Wwen on exciter iv area, the tine constente of WoUn 
the execiter end slternetor frlelde enter end bunting oF the 


tering] voltoge ary reenit, necesaltetin«= eo fhtilhvuatine 
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The elterneter selected for voltuge requlntion mer 
‘the Model 116491 Type ATE eonufscturct by the Generel 
Sleetric Company (see Fic. (ei). Tt is reted ot 17.6 - 
Ken, TOS Volto, 54.7 amperes, “~Mewe mt 60 cycler. isle 
excitetion if obteined from « @7O volt d.c. bum, the prino 
mover is » Generel »iectric Bodel SLALOO1] Vyoe Ch compount- 
sound direct current motor reted at Lb-hp, "00 voltw, 52 
amperce at LOO We. The output of the sltern’tor is net 
® pur® sine weve, but has a pronounesed ‘Sr heraonic ripple. 
It would beve been desirable for the nltermetor to be driven 
By © syuehronous moter to provide conutant speed anc con- 
sequently © comseinnt frecuency output from the albernetur. 
Autometic speed contral of the motor will be Sp lied leter, 

There was no date available on the cherscteriation of 
tiis mechine, so it ws peeeneury to conduct tests for 
the open-<cireuit and short-circuit eharwoteristiics. the 
resuite ere shown in fig. 6. Theee test» were conoueted by 
the wetei method described in most staminr’ tart DOOMP of 
the subject. In edition the ofmie reeistanee ef the Frieil 
nio monaured be 69,5 chee enh the ohmic reeietanee oF the 
areture ao .0OS3 ohne yer jheeo. iiese veluee ewre obteined 


by the volteoter—semeter oethod. 
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for design purporea the aynehronous-lopedence or 
recul*tion of the eltermeter since it giver o value of pox 
uletion poorer thao the Actiel ragnletion. The eyncimen- 
ous impedence is amleulrte’ a the highest posnivble velue 
of srmture current, uswelly st tnloe rated current. "row 
Pig. 6 the field current correspondio= to twice rated Cun 
rent is 1.56 ompe and the oven-eireult voltages correepand ine 
to thie value of field current if 06 volte. If it fe se- 
Sumec thet this volte@ge 16 bein» uped entirely in sending 
tuice reted current throw™ the ormeture impecence, then 


mous impedance per pheee, o., amy be caleuloated 
206 

\e 66.% 
two components, the effective renietenuce Ne "ne the apu- 








= 1.91 Chee. This Iv atde up of 


chronous revetunce, A,. Therefore «, * = ~ os end 
ainece i. is very sill, A, May be Semused to be esund to 
foe 

The retuletion of this mechine aut lying a 7,6—eve 


load at umity power fertor ia celenieted ow follows: 





I = 7OO0 2 70.6 Gee. 8/ Shewe © FF = 120 volte, 
He is ageweed to be le&@ tien the ohmic resivitvaoce 7 


1.4 x .ObD = 074 oles. 
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(imo+eo.e » .074)*+ ("0.6 © 1.71) 


(1s1.5e) + (a8.c)* =\Juer +1866 
, =\{10048 = 186.6 volte 


1 Os,6 «= Vie 


Hoguletion = = x 100 = ».65 


Por 7.5<kva load ot 6.6 power Treetor, Lanming 
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Por 7,.5-Kkvea load »t 0,5 power rector, Lovin 














= \[seoe +(160-55.6)* 2 \lou 
70 & \ 470 = 9% volts 
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power from thie altermstor cre retved »t S-eve and it Le 
not entici~eted to use wore than Ome Se 8 Lowé on thie 
sitermtor at enr ane time, Tha eypchronous sotor will sels 
dom be required to operrte with sore than Sue overlond eo 
the lonmd range was set at 7,.5<kve. 

The alternator fiel@ ie rated ot *.5 eaperenm and it 
whould not be opersted et wm value very Guct Nicher then 
thin for eny lone period of time, However, it in be- 
lieved thet a muyinum field current of 5 aeverse would 
not be horaful to the field winding. 

In the precedin, section the mernaersted  -hewe vol- 
tome woe ehleul“te4 for a V.d=ve Lloee ot V.5 ower Feebor, 
legeinge end lenfing. The veluese corres wot to line bol- 
tamee of ©64 volts for the Leeaxite came en LSv volte for 
the leading case. from the charscteristio curves of «f.. 
6 theme recuire field currente of =.9 and 1.05 aupervn 
repyeetivaly. Since the o»xzinw field current hes been 
set st 3 ampere, the extreme isewineg power Teeter that 
eon We obteined is alieitiy lease then 4.5. Phere is to 
limit for lLeeding pOwer fectore et 7.5<-eva, WAt It Le not 


sntielrm ted thet it wilh be lease thea O4Os 
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WELECELID OF SLUTS AHA bNO Corey 

It was Cesired thet the clrwmit arrengesent of tie 
voltegé regulntor contain as fev comonmite em yoowthle 
ené yet “eintein the termine] wollu«xe nearly constant 
over the range detersine® in the preceding seclivn. the 
eomponents should be of the etenderé typer avelivdle et 
#e econo Leal price, but should te rugreé enouth seek thet 
rejlecesent will be requireé only after lone periods of 
aee. furthermore, the nececerery Sd justeants for Proper 
operstion of the reeulstor siould be (a8 and simnie. 

As exbleineé in & previous sectiou, beteer remiletive 
can be obt#ined ween the requletor is opernted Prey the 
reguldted supply voltage. in order to orevent posriuie 
@latortion of the alternator terminal voltrce, the repuletor 
should conduct current on both positive ond anayntive heives 
of the cycle, iwo tiyratrene connected es e full wove 
rectifier form a conveniont orrengesent noe in eddibion 
thie -roduces © reetified current with o weve form ehieh 
is quch gore desirable then thet obtetined rrom « hell -wrve 
ermneerent. Gince the sexious evernge current rotlas 
of thyratrons seldom etceads 4.5 euperes mpd the current 
renuiirewent of the rewulstor ip 5 exyeree, it woulo be 
ieposeltle to Manege with only one tube, oven if teir- 


enve rectificetion wroved to be entist» etery. 
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in view of thew feet thet the remuiptor is required 
to regulste the termine] voltume when the lovd drewe & 
lesding current, « condition which sy reoulre 4 emlier 
fielé current then is reewired @t so-lond, the reeulstor 
gust supply 011 current vecensery in excesy of thet re- 
qoired st a power feetor of O., Jeodine. ‘She Lest #eliu- 
tion eypesre to be te connect the outout of the remuintor 
@ireetly scrose the alternetor field, aiding the epaite- 
tion current and to deeresse the value of fieie current 
gupplied by the l.C.bus by seene of the ficid rhovstet 
arter the reguletor hes beer «laced in operytioy. 

Yhe Lamp bridge Le the einpleet end chearwet to 
conetruet of the exinting voltede-saneltive cirewite. if 
has the added advantige thet the output my be am Lied 
éirectly to the erie of the thyretron thoown « cqaniter- 
tapoed trereformer in the ense vi Pull-seve yectl fies tion 
without the use of » puegwe whiff ing cisewit, ™ will 66 
explained Later. 

This armnwesaot dees net reoalre © battvry For 
aria bise or as a refercnes VOLRe me Se fey spiatine 
reruistors Go. Thie elimineter sanether iter of imitiel 
exitense and cont of Mmintenmnne. 

in view or weinlend's fine inen thet ab et tort 
elreuit ie not necespéry When the reguintor dentrate vr 


alternator fleld ¢irmwet 5, thio eireni*t waa not Loelvufes. 
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QR SF Th GECu Ls 

‘The altermtor ermmbturea ta i-compected with #11 four 
lenés termineting ©t the panel bore ena the neutral Le 
not grounfed, The life WOlbege is °O8 volts ond the \imae 
voltae is 150 velte. Thin veine oF phase voltege alicws 
the atendaré Cliesent trowéformers thet are commretoliy 
evalleble to Ue used for heetlae the filesenta of the 
thyritrone. 4¢@ showh bn fig. © bhuere are volteges of & 
number of different (ese relotivas ovelisble end thome 
@ifferine by 156° my be used to goote séventace as the 
enoge supply volteee eme the voltege In ut to the lamp 
bridge, thus olimineting the becendity of 2 phove shift 





The volteme ve. recietence eters cteristics of cerbkon 
ané tungeten leape ere revroduce’ in vie. 9. The point 
of intereection of the curver of ¢ tuhre ton ene eHrbor 
lemp inéiestes the volteme  t stich tho reeisteness of the 
two Lempe ore eoul. iv These lems sere apes in tie 
lemp bridee, triece thia Volt@ed would be the velue resuired 
to balance the brine, aLaw the ~feeatvr the angle of 
intersection the Mere senaititve the brivgde Will be. 
Since it ie demiraé to use the phere voltage of 150 volts 


as the input to the brides, the Po wett tunesten See 1:0 
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‘watt or Sf C.). cerbon combines tion eppeers to be the 
best, @iving ® belance st 1) volte. Ihe voltage 
cheracteristica of thle bridge is shown in Vig. lu. 
Ot belence esch lowp reeuireas .a @epetres or the total 
eurrent required from the slternotor is ,0 e@peree, 
Therefore @ standaré &6 ohm, £5 watt potantioncter 

in the voltage eensitive elremit ia sufficient to re- 
duce the phase voltage to the bridge operating voltore. 


yy 4 





the G57 thyratron oypeare to be setlerect wy for 
this problem, it is © Mercury-vepor Nenetive-erid reet- 
ifier rated at °.5 emper@e everace currant, 15 muperce 
peak current snd £00 emperes aimee eurm@e current. it 
cen #ithstend a @@yitnm ,efk snode and ikveres pesk 
voltege of 1000 volte ene the hevter requiren 4.) aeverce 
8t S volte. Frior to opereting thin tebe it is recurmeand- 
ec that the hesteré be ofersted for 5 Binater. she horwil 
peak Voltege Crop feroes the tave is Lt volts. 

if the phnuse voltage, Bop, 18 SPPlid! to the lamp 
brida@a then the line voltage, yg, Which lends &,, by 
180°, is recuiredi fer the thyretron anode cupliy valtece. 
Yhe anode voltega ia caleniated as foliuws: 

boximum average voltage renuired to cdeiiver 3.0 


amperes to @ field of 69.5 oluwe in 
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3.0 x 60.5 = 208 volts 

amplitu@e of helf sine weve recuired for thie mesic 

average Voltege is 
a =:Z Sav «Tx 206 = SP? volts 

The rae voltowe is 32 2 #51 volte. 

The expected drop ecross tie tube Lee 2 11.3 volts, 
givine a value of 74),.5 volte ras es the required anode 
supyly voltege. sinee the thyratrons are to be opersted 
as a full weve reetifier, the secondary windine of the treno- 
former whose primary ie connected ecroae the PUA volt Line 
voltsge, ae, must deliver twice the above voltese or 484.6 
volts, conter-topped, A lekva, 60: 66Uevolt, conter-te) ad 
trensformer should be setisfectory for this prebdlem, 





The grid control circuit consists of © mwll 1:0 steppe 
up, center-tapyed tremnsforner with the prisry connected 
across the outrut of the lamp brifae ane the secundery torm- 
inole each connected in series with a 07,000 ohm reeistor 
to the grids of the thyratrons in such » Genner thet cach 
erid voltawe lege its res »eective anode voltage by 150°, 
ihe center tey of the seconéery ie connected to the two 
thvratron eathoces, This orrengevent permite erild eontrol 
sifilsr to that shown in Tig. G(b). The Durpome of the 
47,000 ohm reaistors is to restrict the flow of erie eur- 


rent. 
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The regulstor was constructed on & breadbour’, © 
photoeraph of which is shown im fie. 1) (6). 611 componente 
transformer Tp. & 2H0:460=volt atep-ul, conter-telped 
trensformer reted at l-cva tas available and in view of 
the fnet that the design of the circuit was bepad on the 
peosimistie method of calculsting voltage requiesion, i 
was hoped thet thie treorformer would be edeqnunte for 
testing tie circuit. ferformnce teste liter proved 
that it wes edecusete for reeuleation between the renge of 
G.0 le@eine ond 0.5 lemding with a 7,5-kva losd, but would 
supply only *.65 amperes to the alternetor field inated 
of the desired 5,0 amperes. 

The heater and exthode of the "G-87 thyratron tube 
are connected internslly. Aince these tuben live their 
ecathedas connected at a camer point in this clirevlt, cere 
must be taken to insure thet the hoster terrimia of one 
tube ara connected to the correspondine trroinnle of the 


secono tube to orevent o short eircuit. 
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Fig.if(a) = L2.Sskva General flectrie 
elternetor and motor. 





Fige 12(b) - Breedboaré arrengement of voltage 
regulator. 








In orser to tent performance, the reculntor wae 
Pleced in oyeration and the Flald rhevat»t of the alter- 
0.8 ampere to the alternmtor field and the sover te Sirect 
current supply voltegs provide® the romeinder ("bout 0.8 
empere) at no leet. 4 S<-kve synchronous eoter driving e 
direet current gensretor was pelwetedc ae the elternator 
load. The lod applied to the Girec) current genereter 
was co lomp bank. The generator lomé eee Bo Séjueted that 
the alternator supplied 5.75+-kve to the synchronous aotor 
at unity power frctor, Dy decreesing and increusing the 
field eurrent of the aynechroneup moter the curren! soa 
made to lag ond lead the termimm] voltage, reapectively. 
The synchronous sator armeture current wus varied Irom 
10.4 eaperca (the value for &.7b-Kve at unity power feetor) 
to $0.8 amperee (the weiue for 7.5-cve #t 6.5 power fectur) 
for both the leafiug en’ lageing copee. The line voltamen 
were Senbured with ® seeton JOU velt voltseter «nd the 
alternator: rotwr 4pe@ed vith o tachometer. The results 
are ebown in the following table. 
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Wels Ss 6 500 
3, %5-1ve 1,0 nos 486808) = doe 
7.5 ~icva 0.5 lew Oe '08 206 
7.5 ~ikva 0.5 lesé sti OMe bon 


There Was no eotion of the voltmeter needic detected 
when changing vower feetors eaceyt when quickly siiftiog to 
the 4.5 lagring confition end then it wee noted thet the 
needle somentarily drorped about 0,6 volte ond than retnmed 
to the veliue of reguisted terstnal voltuce, 

The wave forms of the Line end »umac volteees were 
ebserveé on both a cathode rey oselilloscepe ent the Gen- 
eral #lectrie Uscilloerayph for el: the above contd tions and 
there wes no distortion noted, Uscilloersee of the Line 
voltege, ac, at no-loed and 0.5 pover fsctor Lag in ere 
shown in Pier. i8(8) and 1S(b), respectively and the whese 
voltage, oa, #t «5 power fector laggine in fis, iZ{e}. 

The presenee of the /Srd harmonic in the termina) voltere 
is very evivent in Pie. 13(e). 

with the rewuletor operstive and the elternster ot 
no-load, the field current weve form wes 9 %bserved on the 
oscillogreph end an opcilloerm ade, ® shomp in fig, 


13(a) the wave form ie esventinliy dirvet esiyrant «ith o 
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| ig.ld{a) - Oscillogrem of line voltage ac at 
noe~load,. 











Fig.13(¢)- Oeclllogren of phase voltage oa at 
7,0-KVa, 0.5 lamrine power factor. 
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close voltage reguletion ever « wide rege of power Teet~ 
ors without eny notieweble distortion in tho terninal 
voltage wavs form, It ie noiseless in oyerrtion ane 
contains no moving perte. Whe clrenit 16 aiwple and 
requires © mininw of compoumntr, ol) of whieh ere etend- 
ard types cowrerciolly avelieble et om econo ical price. 
There are no betterige required ae is the ense in many 
existing voltsq@s reeulstorn an!’ the only porta thet may 
need replacing wre the Tour lege in the veltese-sensi- 
tive circuit en( the two tivretrons, but this simoule be 
necescary only after lom periode of usc. A ter initiel 
exeitetion thie reculiter sey be used ae the aiternator 
ayvelter, eupelyine 611 the field current. ihere is only 
one simple atjustment of the remuletor revuifed sd thet 
is the potentionster, «), which controls the voltage applies 
to the Lemp bridge. After thie hee once been ef justed to 
the Oroper tureinel voltmece of the siternster, no sub- 
secuent adjusteent should be necegwary. 

All factors consi¢ered, thie tyro of volty a rowule- 
tor evbeare to be the solution for « digpele, rue ee ne 


econumichi réquletor for mnll sitter ter , © toed 
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initiel cout. it is antiantee that this voltsqe requleter 
may ve eonatructe for ew Little s© 075.00 

Unfortunstely thic requistor Nea ite CLamiventaue and 
Linitetions, Im ite present Form it is limites to = waz 
ious current of 5.0 emperus. However, thiv can be eanily 
inereased by using o lerger step-up trensforeer, Ty, but 
care must be tuken to son thet the current tyraugo © einele 
thyratron doen not asceed §.5 saynres EVOreEe. thers sro 
two disedventages thot ofy be eliminated by © emell midition 
to the oxisting elreuit arranmenent. Yte heetere of the 
thyratrons suet be heated for » period of 5 wiwuten prior 
to the applloetian of ermer voltage end the Pleld current 
suptlied by tha @eparste direct eurrent source mst be Ge- 
eressed when the remiletor is ypiseed in operation, This 
may be fond sutomtiesliy by the use oF & Soteor-drivon tine 
deloy relay thet closes five einutes efter the beeter vol- 
taxe has been apolled. hen the relay cloass, the tuy- 
ratron elreuit ie close? and at the sume tin an séolitons1 
resistance is inserted in series with the Tiald fShevstot 
that redner® tle value of it ctirrent. * patlerectory 
motor-driven time deley relay @y be surch» sae for shout 
615.00, Thies ewell sdfitionel arpecre te atronaly recam- 


eented end Will elisinete a por ible personel error thet 
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Thesis 
P23 Payne 
automatic control of 
the terminal voltage of 
a 12.5-KVA alternator. 
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